, (19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(11) 



EP 0 913 241 B1 



(12) 



EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
02.10.2002 Bulletin 2002/40 

(21) Application number: 97929491.5 

(22) Date of filing: 02.07.1997 



(51) Int CI 7: B29C 45/14, B29C 45/10, 

B29C 45/26, B29C 65/70, 
F02M 35/10, B29C 69/00 

(86) International application number: 
PCT/JP97/02282 

(87) International publication number: 

WO 98/001280 (15.01.1998 Gazette 1998/02) 



(54) METHOD AND APPARATUS FOR MANUFACTURING TUBULAR BODY OF SYNTHETIC RESIN, 
AND INTAKE MANIFOLD OF SYNTHETIC RESIN 

ANSAUGKRUMMER AUS KUNSTSTOFF UND VERFAHREN UND VORRICHTUNG ZU SEINER 
HERSTELLUNG 

PROCEDE ET DISPOSITIF POUR FABRIQUER UN CORPS TUBULAIRE EN RESINE 
SYNTHETIQUE, ETCOLLECTEUR D'ADMISSION EN RESINE SYNTHETIQUE 



m 

CM 
CO 

o 

LU 



(84) Designated Contracting States: 
DE 

(30) Priority: 03.07.1996 JP 17338796 

(43) Date of publication of application: 
06.05.1999 Bulletin 1999/18 

(73) Proprietors: 

• DAIHATSU MOTOR COMPANY, LTD. 
Ikeda-shi, Osaka-fu 563 (JP) 

• G P Daikyo Corporation 
Higashihiroshima-shi, Hiroshima 739-0151 (JP) 

(72) Inventors: 

• SHIRAI, Junichiro, Daihatsu Motor Co., Ltd. 
Ikeda-shi, Osaka 563 (JP) 

• SHIMONISHI, Akira, Daihatsu Motor Co., Ltd. 
Ikeda-shi, Osaka 563 (JP) 



• OKADA, Dalmon, Daihatsu Motor Co., Ltd. 
Ikeda-shi, Osaka 563 (JP) 

• TAKASHINA, Ryuji, Daikyo Co., Ltd. 
Higashihiroshima-shi, Hiroshima 739-01 (JP) 

(74) Representative: Fuchsle, Klaus, Dipl.-lng. etal 
Hoffmann Eitle, 
Patent- und Rechtsanwalte, 
Arabellastrasse 4 
81925 Munchen (DE) 



(56) References cited: 
EP-B- 0 568 560 
DE-B- 1 801 683 
JP-A- 3 230 924 
JP-B- 7 004 830 



DE-A- 4 241 409 
FR-A- 2 690 376 
JP-A- 7 205 299 



• PATENT ABSTRACTS OF JAPAN vol. 095, no. 
003, 28 April 1995 & JP 06 344378 A (JAPAN 
STEEL WORKS LTD:THE), 20 December 1994 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



D«nto^l Km l«.n« 7K/VI1 DA QIC (CZ3\ 



1 



EP 0 913 241 B1 



2 



Description 

TECHNICAL FIELD 

[0001 ] The present Invention relates to a method and 
apparatus for manufacturing a synthetic resin-made tu- 
bular member having differently oriented inlet and outlet 
tube portions, and to a synthetic resin-made intake man- 
ifold for an internal combustion engine. 

BACKGROUND ART 

[0002] As is well known, an intake manifold is con- 
nected to a cylinder head of an internal combustion en- 
gine (engine) for feeding intake air into combustion 
chambers of individual cylinders. The intake manifold is 
a considerably large-size component of the air-intake 
system, so for purposes of reducing the weight of the 
peripheral arrangement of the engine more than ever, it 
has been contemplated that the intake manifold may be 
formed of synthetic resin instead of conventional light 
alloy (e.g., aluminum alloy and the like). 
[0003] Since the intake manifold is an air-intake sys- 
tem component which involves lower temperature con- 
ditions than any air-exhaust system component, it is well 
possible to form the intake manifold of synthetic resin 
(in particular, a synthetic resin of the type which is rein- 
forced with fibers or the like). It is to be understood that 
the intake manifold is usually constructed in the form of 
a tubular member having plural outlet tube portions 
(equal in number to corresponding cylinders) branched 
from one inlet tube portion. 

[0004] In the prior art, when manufacturing such an 
intake manifold from synthetic resin, conceivably, one 
method which would be commonly considered may be 
such that separate halves in a pair, previously formed 
from synthetic resin, are brought in abutment against 
each other, being then joined together by applying an 
adhesive to their abutting surface or by thermally melt- 
ing the abutting portions, whereby a finished component 
is obtained. 

[0005] However, the intake manifold is subject to 
some degree of thermal effect and successive vibra- 
tions from the engine and the like, though temperature 
conditions are relatively low as compared with those in 
the exhaust system. Therefore, in order to stably ensure 
the reliability of the intake manifold for long-time use, it 
is necessary to use good care in the process of molding, 
with respect to various quality aspects, such as strength, 
rigidity, and sealing performance. 
[0006] When aforesaid use conditions are consid- 
ered, such prior art method as mentioned above can 
hardly be said to be sufficient to stably ensure high 
strength of bond between the separate halves and the 
sealing characteristics of the butt-joined portion. Fur- 
ther, for purposes of manufacturing a mass-production 
item such as intake manifold for mass-production auto- 
motive engines, a need exists for a method which can 



assure higher production efficiency. 
[0007] As a method for molding a hollow tubular item, 
such as a synthetic resin-made pipe, it is known to bring 
synthetic resin-made halves into abutment against each 

s other and fill a melted resin mass into an interior pas- 
sage formed along peripheral edge of the abutting por- 
tions to thereby join the halves together to obtain a hol- 
low molded product. It is also known to carry out such 
melted resin loading into the interior passage, within a 

10 molding die in which separate halves are molded when 
the separate halves are joined together in such a way 
as aforesaid. 

[0008] By employing such a method, it is possible to 
more stably ensure high strength of bond between the 
15 so joined halves and good sealing performance of the 
butt-joined portion as compared to the prior art practice 
in which such joining is carried out by adhesion or ther- 
mal melting. 

[0009] For example, in Japanese Patent Publication 

20 No. JP620B7315, there is disclosed a die construction 
including one pair of dies which is basically such that 
one of the dies has a male molding portion and a female 
molding portion for molding one separate half set and 
the other die has a female molding portion and a male 

25 molding portion provided in opposed relation to the 
molding portions of the one die. In this conjunction, there 
is also disclosed a method (called "die slide injection 
(DSI) method") such that after separate halves are si- 
multaneously molded (injection molded) by using such 

30 a pair of dies, one of the dies is caused to slide relative 
to the other die so that separate halves left in respective 
female molding portions are brought into abutment with 
each other, with melted resin being injected onto periph- 
eral edges of the abutting portions to join the two halves 

35 together. 

[0010] According to this DSI method, productivity can 
be considerably enhanced over the prior art method in 
which molding of separate halves and abutting / joining 
of the halves are carried out at separate stages. 

40 [0011] An arrangement which can further enhance 
production efficiency is disclosed in, for example, Jap- 
anese Patent Publication No. JP4091914 which teach- 
es a rotary injection molding die construction. This die 
construction is basically a combination of molding dies 

45 adapted to be opened and closed relative to each other 
such that one of the molding dies is rotatable relative to 
the other die over a predetermined angular range, each 
die having a molding section consisting of at least one 
male molding portion and two female molding portions 

so in a repetitive sequence of male / female / female in the 
direction of rotation for each rotational run over the pre- 
determined angular range. In this conjunction, there is 
also disclosed a rotary injection molding method (so- 
called die rotary injection (DRI) method) wherein by us- 

55 ing such a molding die assembly, molding separate 
halves and joining a pair of abutted halves are carried 
out during each rotational (e.g., forward-reverse) move- 
ment so that a finished product can be obtained for each 
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rotational movement. 
[0012] As is well known, an intake manifold is such 
that its Inlet tube portion is connected to an airfeed-side 
component, such as surge tank, while on the other hand 
its outlet tube portion is connected to an engine cylinder 
head. Further, for the convenience of layout within the 
engine room, the intake manifold is generally construct- 
ed in such a way that the inlet tube portion and the outlet 
tube portion are differently oriented, with their center 
lines extending at a predetermined angle (e.g., about 
right angle) to each other. 

[0013] When molding a tubular member of such a 
configuration, it is commonplace that at least one of the 
inlet tube portion and outlet tube portion is oriented in a 
direction differentfrom the direction in which the molding 
die assembly is opened and closed as it is combined 
along a parting line. As such, molding operation is diffi- 
cult with respect to the open end of aforesaid portion. 
[0014] In particular, the DRI method involves not only 
opening and closing of the molding die assembly, but 
also relative rotation of the constituent dies of the as- 
sembly, and this makes it more difficult to form a tube 
end portion oriented differently from the direction In 
which the die assembly is opened and closed. 
[0015] The present invention is directed toward solv- 
ing the foregoing problems, and accordingly it is a pri- 
mary object of the invention to provide a method and 
apparatus for manufacturing a synthetic resin-made tu- 
bular member including differently oriented inlet tube 
portion and outlet tube portion which enable easy mold- 
ing of a tube end portion oriented differently from the 
direction in which the molding die assembly is opened 
and closed, and a synthetic resin-made intake manifold 
having sufficient joint strength and sealing characteris- 
tics. 

[0016] DE-A-4 241 409 describes a method and an 
apparatus for producing pipe-shaped articles by injec- 
tion moulding. Two separate halves are joined by a third 
injection moulded element which is disposed in an ex- 
terior recess of the joint halves of the element. The dif- 
ferent elements are produced by a rotary injection meth- 
od. The finished tubular element has inlet tube portions 
and outlet tube portions orientated in thesame direction. 
[0017] EP-B-0 568 560 describes an inlet manifold for 
an internal combustion engine. Two halves connected 
by means of vibration (friction) welding are provided. 
The weld joint is essentially formed in a passage be- 
tween the abutting peripheral edge portions of the re- 
spective halves. 

[0018] FR-A-2 690 376 describes a synthetic resin 
manifold having a plurality of outlet tube portions 
branched from an inlet tube portion, the outlet tube por- 
tions being differently orientated from the inlet tube por- 
tion. The manifold comprises a pair of separate halves 
which are connected together by means of a clamp 
moulded with separate resin material around the flang- 
ed abutting portions of the halves. 



• DISCLOSURE OF THE INVENTION 

[0019] In order to accomplish the above mentioned 
object, according to a first aspect of the present inven- 

5 tion, there is provided a method of manufacturing a syn- 
thetic resin tubular member according to the attached 
claim 1 having differently oriented inlet tube portion and 
outlet tube portion wherein separate halves of the tubu- 
lar member are molded in a pair of molding dies, the 

10 molded separate halves in the molding dies being 
brought into abutment with each other, a melted resin 
mass being filled into an interior passage defined along 
a peripheral edge of the abutted portions to thereby join 
the separate halves, the method comprising: using a 

15 pair of molding dies for die rotary injection molding 
(known as "DRI") adapted to be opened and closed rel- 
ative to each other and rotatable in relation to each other 
over a predetermined angular range, the molding die 
pair having a molding section consisting of at least one 

20 male molding portion and two female molding portions 
in a repetitive sequence of male / female / female in the 
direction of rotation and at the intervals of the predeter- 
mined angular range, the molding die pair further having 
a slide core adapted to be fitted to a tube end portion of 

25 one of the inlet and outlet tube portions which is slidable 
in a direction different from the direction in which die 
opening and closing is made; and carrying out the fol- 
lowing steps: 

[0020] That is, the step of core insertion for inserting 

30 the slide core into a molding portion of the molding die 
pair which corresponds to the tube end portion of one 
of the inlet and outlet tube portions; the step of die 
clamping for closing and clamping the molding die pair; 
the step of injection for injecting a melted resin mass 

35 into a molding cavity defined by closing the pair of mold- 
ing dies; the step of die opening for opening the pair of 
molding dies; the step of core removal for removing the 
slide core from the tube end portion; the step of ejection 
for ejecting a molded tubular member from the dies; and 

40 the step of die rotation for rotating the dies relative to 
each other over a predetermined angle. 
[0021] By carrying out these steps, each time when 
one rotational movement of the molding dies is made, 
a primary molding operation for molding separate 

45 halves through a combination of the male molding por- 
tion and one female molding portion, and a secondary 
molding operation for joining a pair of separate halves 
through a combination of the female molding portions 
are performed so that a finished tubular member will be 

50 obtained for each rotational movement of the molding 
dies. 

[0022] According to a second aspect of the invention, 
there is provided an apparatus for manufacturing a syn- 
thetic resin tubular member according to the attached 
55 claim 2 having differently oriented inlet tube portion and 
outlet tube portion, the apparatus comprising: a pair of 
molding dies assembled together so as to be opened 
and closed relative to each other, rotary means for ro- 
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tating at least one of the molding dies over a predeter- 
mined angle relative to the other molding die, a plurality 
of slide cores to be fitted to the tube end of one of the 
inlet tube portion and outlet tube portion which are slid- 
able in a direction different from the direction in which 5 
the molding dies are opened and closed, a plurality of 
eject means for ejecting a molded tubular member from 
the molding dies, core drive means for driving one of the 
slide cores in the different direction in response to the 
opening and closing operation of the molding dies, eject 10 
drive means for driving one of the plurality of eject 
means in response to the opening and closing operation 
of the molding dies, and changeover means for switch- 
ing over the connection of a molding die open/close 
mechanism with the core drive means and eject drive is 
means and for switching over the slide core and eject 
means to be driven. 

[0023] The molding dies each have a molding section 
consisting of at least one male molding portion and two 
female molding portions in a repetitive sequence of male 20 
/female / female in the direction of rotation for each ro- 
tational run over the predetermined angular range. 
[0024] Each time when one rotational movement of 
the molding dies is made, a primary molding portion for 
molding separate halves is formed through a combina- 25 
tion of the male molding portion and one female molding 
portion, and a secondary molding portion is formed for 
joining a pair of separate halves through a combination 
of the female molding portions, whereby a finished tu- 
bular member can be obtained for each rotational move- 30 
ment of the molding dies. 

[0025] According to a third aspect of the invention, 
there is provided a synthetic resin manifold according to 
the attached claim 3 having a plurality of outlet tube por- 
tions branched from an inlet tube portion, with the outlet 35 
tube portions differently oriented from the inlet tube por- 
tion, characterized in that the synthetic resin manifold is 
obtained by bringing a pair of separate halves into abut- 
ment with each other in a corresponding pair of molding 
dies, and filling a melted resin mass into an interior pas- 40 
sage defined along a peripheral edge of the abutted por- 
tions to thereby join the halves. 
[0026] According to a fourth aspect of the invention, 
in the synthetic resin intake manifold presented as the 
third aspect of the invention, the separate halves are 45 
configured to be halves separated along a closed-loop 
parting line which extends so as to avoid the end sur- 
faces of the inlet and outlet tube portions. 

BRIEF DESCRIPTION OF THE DRAWINGS so 

[0027] 

FIG. 1 is an explanatory view in longitudinal section 
taken along lines A-C in FIG. 7 for illustrating a 55 
molding die assembly in clamped condition with re- 
spect to an embodiment of the present invention; 
FIG. 2 is an explanatory view in longitudinal section 



similar to FIG. 1 which illustrates the molding die 
assembly in opened condition; 
FIG. 3 is an explanatory view in longitudinal section 
similar to FIG. 1 showing a slide die of the molding 
die assembly which is in driven condition; 
FIG. 4 is an explanatory view in longitudinal section 
similar to FIG. 1 showing an ejector mechanism of 
the molding die assembly which is in driven condi- 
tion; 

FIG. 5 is an explanatory view in longitudinal section 

taken along the line B-B in FIG. 7 which shows the 

molding die assembly in clamped condition; 

FIG. 6 is an explanatory view in front elevation of a 

rotor of a stationary die of the molding die assembly; 

FIG. 7 is an explanatory view in front elevation of a 

movable die of the molding die assembly; 

FIG. 8 is an explanatory view in front elevation for 

explaining a switched-over condition with respect to 

resin passages in the movable die; 

FIG. 9 is an explanatory view in front elevation for 

explaining a switched-over condition with respectto 

resin passages in the movable die; 

FIG. 10 is an explanatory plan view of a molded 

product according to the embodiment of the present 

invention; 

FIG. 11 is an explanatory view in front elevation of 
the molded product; 

FIG. 12 is an explanatory view in side elevation of 
the molded product; 

FIG. 13 is an explanatory view of the molded prod- 
uct in longitudinal section taken along lines D-D in 
FIG. 11; 

FIG. 14 is an explanatory plan view schematically 
showing the arrangement and construction of inte- 
rior passages in the molded product; 
FIG. 15 is an explanatory view in front elevation 
schematically showing the arrangement and con- 
struction of the interior passages in the molded 
product; 

FIG. 16 is an explanatory view in longitudinal sec- 
tion taken along lines E-Ein FIG. 10 for the molded 
product; 

FIG. 17 is an explanatory enlarged view of portion 
F of the molded product in FIG. 13; and 
FIG. 18 is an explanatory enlarged view of portion 
G of the molded product in FIG. 13. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0028] One embodiment of the present invention will 
now be described in detail with reference to the accom- 
panying drawings which illustrate by way of example the 
embodiment as applied to a die assembly for manufac- 
turing an intake manifold of an engine intake system. 
[0029] FIGS. 10 through 18 show an intake manifold 
W which is a molded product in the form of a tubular 
member according to the present embodiment. As may 
be well appreciated from FIGS. 1 0 to 13, the intake man- 
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ifold W includes, for example, one inlet tube portion Wi 
and a plurality ( three in the present embodiment) of out- 
let tube portions Wo, which tube portions are arranged 
in such a way that a center line of the inlet tube portion 
Wi and a center line of each outlet tube portion Wo are 
angled to each other at a specified angle (generally 
right-angled in the present embodiment) when viewed 
in side elevation. In other words, the inlet tube portion 
Wi and each outlet tube portion Wo are differently ori- 
ented. 

[0030] The molded product W, as will be described in 
detail hereinafter, is a product manufactured in the form 
of a hollow tubular member by the so-called die rotary 
injection (DRI) method such that upper and lower halves 
Wu and W L are each molded by one molding die, the 
halves W y and W L being butt-joined in the molding die. 
[0031] In the present embodiment, as may be well un- 
derstood from FIG. 12, a parting line Lp of the molded 
product W is so set as to avoid the parting line passing 
tube end portions of the inlet tube portion Wi and respec- 
tive outlet tube portions Wo, that is, to avoid the parting 
line Lp appearing on tube end surfaces, and so as to 
define a closed loop extending along the periphery of 
the molded product W. It is noted in this conjunction that 
a butt-joined surface of the halves W y and W L is formed 
along the parting line Lp. By forming the parting line Lp 
in a closed loop fashion with the parting line kept away 
from the tube ends of the inlet tube portion Wi and re- 
spective outlet tube portions Wo it is possible to maintain 
the roundness of cylindrical portions WiC and WoC of 
respective tube ends in high precision. As a result, seal- 
ing performance at respective tube ends can be en- 
hanced when they are integrated with associated parts 
(such as surge tank and cylinder head) to form an as- 
sembled structure. 

[0032] In the present embodiment, preferably respec- 
tive tube ends of the inlet tube portion Wi and outlet tube 
portions Wo are each integrally formed on the upper half 
Wu side, for example. 

[0033] As shown by chain line and dashed line curves 
in FIGS. 14 and 15, there are provided channel-like in- 
terior passages W p of closed section which are formed 
along the closed loop (that is, along the outer periphery 
of the abutting surface), preferably defined by wall por- 
tions of respective halves Wy and W L , such that after 
the upper and lower halves \N U and W L are brought into 
abutment with each other, a resin mass (secondary res- 
in) for joining the halves together is filled into the interior 
passage W P . 

[0034] In FIGS. 14 and 15, chain line curve shows 
passage portion W p 1 extending along the peripheral 
edge of each respective half W^ W L , other than the vi- 
cinity of the end of outlet tube portion W 0 , and dashed 
line curve shows a semicircular passage portion W p 2 
adjacent the end of outlet tube portion W 0 . 
[0035] In the present embodiment, a gate portion G p 
for secondary resin injection into interior passage W p , 
as shown by arrows of chain double-dashed line in FIG. 



14, is preferably provided, in plan view, at each of the 
outer side portions, right and left, of the interior passage 
W P and comparatively adjacent the semicircular pas- 
sage portion Wp2. 
5 [0036] FIGS. 16 to 18 illustrate by way of example 
sectional configurations of various parts of the interior 
passage W p . In the present embodiment, as may be well 
appreciated from FIG. 1 8, preferably with respect to the 
central one of three outlet tube portions Wo of the mold- 
to ed product W, the lowermost portion of the interior pas- 
sage W p is open over a limited length (e.g., about 10 
mm at maximum) so that the degree of secondary resin 
filling in the interior passage W p can be ascertained by 
observing the degree of secondary resin filling at the 
is opening. 

[0037] In the present embodiment, the interior pas- 
sage W p is more preferably configured to have a closed 
sectional configuration defined by wall portions of the 
halves \N U> W L . Alternatively, however, it is possible to 

20 arrange that while the interior passage is partially open 
at the time when the halves are brought into abutment 
with each other, by setting the halves in a specified die, 
the opening is closed by die surfaces so that a closed 
sectional configuration is formed. 

25 [0038] Next, the construction of molding dies em- 
ployed in manufacturing (molding) the intake manifold 
W embodying the present invention will be described. 
In the present embodiment, the intake manifold W is 
preferably molded by the so-called die rotary injection 

30 (DRi) method. 

[0039] FIGS. 1 to 5 are explanatory views in vertical 
section showing molding dies employed in molding the 
intake manifold. As may be well understood from FIGS. 
1 , 2 and 5, the molding die assembly comprises a sta- 

35 tionary die 1 connected to a molding machine (e.g., in- 
jection molding machine, not shown), and a movable die 
2 which performs opening and closing operations rela- 
tive to the stationary die 1 . As will be described herein- 
after, the stationary die 1 is provided with a pivotal mech- 

40 anism for pivotally moving predetermined portions in- 
cluding the molding portion of the die. 
[0040] In FIGS. 1 to 5, the stationary die 1 and the 
movable die 2 are shown as being mounted on upper 
and lower sides. However, the arrangement of the dies 

45 1 , 2 is not limited to such vertical arrangement, but the 
dies may, for example, be horizontally (right and left) ar- 
ranged in opposed relation for use. 
[0041] The stationary die 1 includes a base plate 11 
fixed to a body portion 10, a sprue bush 12fixed centrally 

so to the base plate 11 and body portion 1 0, and a rotor 1 3 
disposed coaxially with the sprue bush 12. An injection 
head (not shown) of the molding machine is fixed to the 
sprue bush 12. 

[0042] The rotor 13 is basically configured to have a 
55 disc shape and has a center portion projecting in a cyl- 
inder-like fashion. A sprue 12a of the sprue bush 12 is 
open on the surface of the center projection 13a. 
[0043] As may be well appreciated from PIG. 5, the 
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outer periphery of the rotor 1 3 is formed with a toothed 
portion 13g which goes in mesh engagement with a 
drive gear 1 4 disposed at an adjacent location. The drive 
gear 14 is connected to a drive power source 15, for 
example, a hydraulic motor, such that as the drive gear 
1 4 is rotated by the drive power source 1 5, according to 
the direction of the rotation and the number of turns, the 
rotor 13 rotates over a predetermined angle (preferably 
120° in the present embodiment) in a predetermined di- 
rection. 

[0044] That is, the toothed portion 13g of the rotor 13, 
the drive gear 14, and the drive power source 15 con- 
stitute rotary means for rotating the rotor 1 3 a predeter- 
mined angle (120°) which correspond to "rotary means" 
set forth in the claims of the present invention. 
[0045] Whilst, the movable die 2 includes a base plate 
31 disposed in parallel to the body portion 30, and a die 
plate 40 fixed to the body portion 30. The die plate 40 
includes a molding section to be described hereinafter. 
The die plate 40, in effect, consists of a centrally dis- 
posed cylindrical portion 40d and three block members 
surrounding the cylindrical portion 40d. 
[0046] The body portion 30 and base plate 31 are con- 
nected, for example, to a hydraulic drive means (not 
shown) so that opening and closing operation can be 
performed relative to the stationary die 1 at predeter- 
mined time intervals. Spacer blocks 32a, 32b (see FIG. 
5) are interposed between the body portion 30 and the 
base plate 31 . 

[0047] The movable die 2 is provided with a slide die 
33 slidable along the die plate 40 in a direction rectan- 
gular to the direction in which the movable die 2 is 
opened and closed, and a rod-like slide guide 34 for driv- 
ing the slide die 33 in unison with the opening and clos- 
ing operation of the movable die 2. 
[0048] The slide die 33 corresponds to an outlet tube 
portion Wo of molded component W, and a core portion 
33a ofthedie(see FIGS. 2to 4)correspondstotheinner 
periphery of the outlet tube portion Wo, at its tube end 
portion, of the molded component. Front end portions of 
core members 36a, 36b, fixed to a body support plate 
35 of the movable die 2, correspond to the inlet tube 
portion Wi of the molded component W. 
[0049] Slide die 33 and slide guide 34, as will be de- 
scribed hereinafter, are provided at two locations within 
the movable die 2, i.e., at a location where the upper 
half W u is molded and at other location where upper and 
lower halves W u , W L , brought into abutment with each 
other, are joined by secondary resin. 
[0050] At one end side of slide guide 34 there is 
formed a tapered portion 34c which engages a tapered 
bore 33c of the slide die 33. Whilst, at the other end side 
of the slide guide 34 there is formed a recess 34d to be 
engaged by a guide drive plate 37 which is adapted to 
engage one of the slide guides 34. 
[0051 ] The guide drive plate 37 is supported at its rear 
side by a back plate 38. As FIG. 5 shows, a pair of guide 
rails 38a are fixed to the back plate 38 for guiding slide 



movement of the guide drive plate 37 along the back 
plate 38. 

[0052] The guide drive plate 37 moves along the 
guide rail 38a by being driven in a direction extending 

5 along the back plate 38 by drive means 49, such as hy- 
draulic cylinder, (see FIG. 5), whereupon its engage- 
ment with slide guide 34 (that is, engagement with which 
one of slide guides 34, left or right) is switched over. 
[0053] The changeover of the engagement between 

10 the guide drive plate 37 and slide guide 34 is effected 
by controlling operation of the drive means 49 according 
to a control signal from a controller (not shown) of the 
molding apparatus, and in complementary relation to 
the rotation of the rotor 13. 

15 [0054] Connected to the back of the back plate 38 is 
a piston rod 39 of a hydraulic drive cylinder (not shown), 
for example, which extends and contracts in the same 
direction as the direction in which the movable die 2 op- 
erates (direction of die opening and closing), the piston 

20 rod extending through the base plate 31 . As the piston 
rod 39 extends and contracts, slide guide 34 is driven 
(forward and backward)through the back plate 38 and 
guide drive plate 37. 

[0055] That is, the drive cylinder (not shown), piston 
25 rod 39 thereof, back plate 38, guide drive plate 37, and 
slide guide 34 constitute core drive means which drive 
the core portion 33a of one of the slide dies 33, right or 
left, in response to the opening and closing operation of 
the molding dies 1 , 2. This core drive means correspond 
30 to the "core drive means" defined in the claims of the 
present invention. 

[0056] Provided in the interior of the body portion 30 
of the movable die 2 are ejector pins 46a, 46b, 46c 
mounted respectively to ejector plates 46a, 46b, 46c, 

35 and ejector rings 48a, 48b. The ejector rings 48a, 48b 
have a function to eject (push upward) a molded product 
W and/orthe tube end of inlet tube portion Wi of an upper 
half W u and are arranged so as to surround the outer 
peripheries of core portions 36a, 36b. 

40 [0057] The ejector pins 47a, 47b, 47c, and ejector 
rings 48a, 48b correspond to the "eject means" defined 
in claims of the present invention. 
[0058] The three ejector plates 46 (46a, 46b, 46c) are 
such that when the guide drive plate 37 is driven (ad- 

45 vanced) toward the body portion 30 of the movable die 
2, two projecting pins 37a which project from the guide 
drive plate 37 are extended through the bores of the 
body support plate 35 to press ejector plates 46 (46a, 
46b, 46c) at the back side so that two of the three ejector 

so plates are pushed up. 

[0059] Which two of the three ejector plates 46 (46a, 
46b, 46c) are to be pushed up depends upon the state 
of engagement of the guide drive plate 37 with the slide 
guide 34. The state of engagement between the guide 

55 drive plate 37 and slide guide 34, as already stated, is 
determined when the guide drive plate 37 is driven by 
the drive means 49 (see FIG. 5) in a direction extending 
along the back plate 38 so that it goes into engagement 
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with a recess 34d of one of the slide guides 34. 
[0060] That is, the drive cylinder (not shown), piston 
rod 39 thereof, back plate 38, guide drive plate 37, pro- 
jecting pins 37a, and ejector plates 46a, 46b, 46c con- 
stitute eject drive means which drive any of ejector pins 
47a, 47b, 47c and ejector rings 48a, 48b in response to 
the opening and dosing operation of the molding dies 
1 , 2. This ejector drive means correspond to the "eject 
drive means" set forth in the claims of the present inven- 
tion. 

[0061] The drive means 49 (see FIG. 5) operatively 
controlled by a control signal from the controller (not 
shown) of the molding apparatus, the guide drive plate 
37 slidably supported on the back plate 38, and the re- 
cess 34d of the slide guide 34 constitute changeover 
means which switch over the engagement of the open- 
ing and closing mechanism of the molding dies 1 , 2 with 
the core drive means and eject drive means according 
to the rotational movement of the rotor 13, and which 
switch over the core portion 33a of the slide die 33 and 
eject means which are to be driven. This changeover 
means corresponds to the "changeover means" defined 
in the claims of the present invention. 
[0062] The slide guide 34 is in its initial position when 
the movable die 2 is in its closed condition (see FIG. 1) 
in relation to the stationary die 1 , and no drive force is 
applied to the slide die 33. Thus, the slide die 33 is po- 
sitioned in a molding position (a position corresponding 
to the inner periphery of tube end portion of molded 
product outlet tube portion Wo). 
[0063] After completion of the molding process, and 
at the time of die opening (see FIG. 2) the slide guide 
34 remains stationary at its initial position so that the 
slide die 33 is kept at a molding position. 
[0064] Subsequently, as FIG. 3 shows, the slide guide 
34 is driven (advanced) toward the body portion 30 of 
the movable die 2. Accordingly, the slide die 33 is 
caused to slide outwardly in such a way that a tapered 
bore 33c of the slide die 33 extends along a tapered por- 
tion 34c of the slide guide 34, the core portion 33a being 
thus removed from the cube end portion of the molded 
product W at the outlet tube portion Wi. 
[0065] In other words, the core portion 33a of the slide 
core 33 which is siidable in a direction different from 
(generally rectangularto) the direction in which the mov- 
able die 2 is opened and closed is removed from the 
tube end portion (outlet tube portion Wo) of the finished 
component W. 

[0066] In this way, according to the present embodi- 
ment, in molding an intake manifold W using the DRI 
method, it is possible to mold, without involving any in- 
convenience, the tube end portion of the outlet tube por- 
tion Wo oriented in a direction different from the direction 
in which the molding dies 1 , 2 are opened and closed. 
[0067] That is, by joining upper and lower halves W u , 
W L with a secondary resin mass it is possible to more 
stably secure high bond strength of joined halves and 
good sealing performance of butt-joined portion as com- 



pared with the prior art in which adhesive bonding or 
heat melting is carried out for joining the halves, and by 
using the DRI method it is possible to achieve higher 
production efficiency. Furthermore, it is possible to eas- 

s ily manufacture an intake manifold having differently ori- 
ented inlet tube portion Wi and outlet tube portion Wo. 
[0068] As the slide guide 34 is further advanced, two 
projecting pins 37a of the guide drive plate 37 are ex- 
tended through two of the three holes 35h (right side two 

10 in the FiG. 4 example) of the body support plate 35 to 
push up ejector plates 46a, 46b, whereby ejector pins 
47a, 47b and ejector rings 48a, 48b are actuated. 
[0069] On the stationary die 1 side there are provided 
hydraulically driven ejector pins 27a, 27b (see FIGS. 1 , 

is 2 and 5). In a series of operation examples shown in 
FIGS. 1 to 4, ejector pin 27a is pushed outward after 
completion of molding operation and at the time of die 
opening (see FIG. 2). 

[0070] FIG. 6 is an explanatory view in front elevation 

20 showing the die matching surface side of the rotor 13 of 
the stationary die 1 . As shown, the rotor 13 is provided 
with three die plate blocks 20 which are fixedly arranged 
around a center projection 13a in circumferentially eq- 
uispaced relation (that is, at an angle of 120 degrees to 

25 each other). The die blocks 20 each are provided with 
a molding portion 20A, 20B, or 20C. 
[0071] The molding portion 20C is a convexly formed 
male die portion, and the molding portions 20A, 20B are 
both concavely formed female die portions. That is, the 

30 rotor 13 of the stationary die 1 includes one male die 
portion 20C and two female die portions 20A, 20B. 
[0072] It is to be noted that no resin passage is pro- 
vided for connection to the molding portions 20A, 20B, 
20C provided in the rotor 13 of the stationary die 1 . 

35 [0073] In the present embodiment, however, as will be 
described hereinafter, a number of elongated changeo- 
ver slots 21 (21 A, 21 B, 21 C) (5 slots in all in the present 
embodiment) are provided for switching over the con- 
nection between a resin passage connected to the 

40 molding portions of the movable die 2 and the sprue 1 2a 
of the sprue bush 12. 

[0074] These changeover slots 21 are such that one 
changeover slot 21 C is oriented toward the molding por- 
tion 20C, two parallel changeover slots 21 B are oriented 

45 toward the molding portion 20B, and two parallel slots 
20A are oriented toward the molding portion 20A. 
[0075] On the outer periphery of the rotor 1 3, as ear- 
lier mentioned, a toothed portion 1 3g adapted to go into 
mesh engagement with the drive gear 14 is provided 

so over an arcuate length corresponding to at least an an- 
gle of 120 degrees so that as the drive gear 14 rotates 
(that is, according to the direction of the rotation and the 
number of turns) the rotor 13 rotates an angle of 120 
degrees in a predetermined direction. The control of ro- 

55 tation with respect to the drive gear 1 4 (that is, rotation 
control of the rotor 13) is carried out by controlling the 
drive source 15, such as hydraulic motor (see FIG. 5). 
[0076] In the present embodiment, the rotor 1 3 is de- 
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signed to be rotated 120° in forward and reverse direc- 
tions alternately at predetermined time intervals. For ex- 
ample, when the drive gear 14 rotates in the FIG. 6 con- 
dition, the rotor 13 rotates counterclockwise in FIG. 6. 
[0077] Whilst, FIG. 7 is an explanatory view in front 
elevation showing the die plate 40 of the movable die 2 
on the die matching surface side. As shown, on the die 
plate 40 there are provided three molding portions 40A, 
40B and 40C in circumferentially equispaced relation 
(that is, at an angle of 120 degrees to each other). 
[0078] The molding portion 40B is a convexly formed 
male die portion, and the molding portions 40A, 40C are 
both concavely formed female die portions. That is, the 
movable die 2 includes one male die portion 40B and 
two female die portions 40A, 40C. 
[0079] FIGS. 1 to 4 are explanatory views in vertical 
section taken along lines A-C in FIG. 7, and FIG. 5 is an 
explanatory view in vertical section taken along line B-B 
in FIG. 7. 

[0080] In the present embodiment, the die plate 40 of 
the movable die 2 is formed with two kinds of resin pas- 
sages, i.e., primary and secondary resin passages 41 
(41 A, 41 B, 41C), 42 (42A, 42C) connected directly to 
the molding portions 40A, 40B, 40C, and has branched 
resin passages 43 formed in a branched fashion in the 
central cylinder portion 40d of the die plate 40. 
[0081] Connected to molding portions 40A and 40C 
of the female are primary resin passages 41 A and 41 C 
for supplying half (\N U . W L ) molding primary resin, and 
secondary resin passages 42A, 42C for supplying sec- 
ondary resin for joining abutted halves W y . W L . Whilst, 
only primary resin passage 41 B is connected to the male 
molding portion 40B. 

[0082] The primary resin passages 41 (41 A, 41 B, 
41 C) are connected respectively to sides of those parts 
of molding portions 40 (40A, 40B, 40C) which corre- 
spond to molded product inlet ports Wi. The secondary 
resin passages 42 (42A, 42B) are provided in pair on 
both sides of each molding portion 40A, 40C, and are 
connected to gate portions 42g provided on sides of 
those parts of molding portions 40A, 40C which corre- 
spond to molded product outlet ports Wo. 
[0083] The branched resin passage 43 is branched at 
a center portion 43d corresponding to the sprue 12a of 
the sprue bush 1 2 when the movable die 2 is closed rel- 
ative to the stationary die 1 , and has six branch portions 
provided in corresponding relation to the primary and 
secondary resin passages 41 (41 A, 41 C), 42 (42A, 42C) 
connected to female molding portions 40A, 40C. 
[0084] Each of the branch portions is so positioned 
that its front end, on an extension thereof, is spaced a 
predetermined distance from one end of the corre- 
sponding resin passage. 

[0085] When the movable die 2 is closed relative to 
the stationary die 1 , a predetermined resin passage is 
connected to a branched resin passage 43 (that is, to 
sprue 12a) by changeover slot 21 provided on the rotor 
13 of the stationary die 1, and this connection is 



switched over by the rotation of the rotor 13. 
[0086] The primary resin passage 41 B connected to 
the male molding portion 40B is connected directly to 
the branched passage 43 (center portion 43d thereof). 

5 Therefore, the molding portion 40B is normally supplied 
with primary resin independently of the rotational posi- 
tion of the rotor 13. This molding portion 40B (male) is 
adapted to mold a lower half W L independently of the 
rotation of the rotor 13. 

10 [0087] The process of molding intake manifolds W to 
be carried out by using a molding die assembly con- 
structed as described above will be described herein be- 
low. 

[0088] Initially, where the stationary die 1 is put in 
15 combination with the movable die 2 in such a condition 
as illustrated in FIG. 6, combinations of molding portions 
of the two dies 1 , 2 are as follows: 

Movable die 2, molding portion 40A (female)/sta- 
20 tionary die 1 , molding portion 20A (female) 

Movable die 2, molding portion 40B (male)/station- 
ary die 1 , molding portion 20B (female) 
Movable die 2, molding portion 40C (female)/sta- 
tionary die 1 , molding portion 20C (male) 

25 

[0089] In this case, changeover slot 21 of rotor 13 of 
stationary die 1 is at a rotational position shown by 
dashed lines in FIG. 8. That is, a pair of changeover slots 
21 A cause each secondary resin passage 42A for mold- 

30 ing portion 40A of movable die 2 to communicate with 
branched resin passage 43, while changeover slot 21 C 
causes primary resin passage 41 C for molding portion 
40C of movable die 2 to communicate with branched 
resin passage 43. Primary resin passage 41 B for mold- 

35 ing portion 40B of movable die 2 is normally held in com- 
munication with the branched resin passage 43. 
[0090] Therefore, in this condition, the movable die 2 
is brought into abutment with the stationary die 1 (see 
FIGS. 1 and 5), and die clamping is carried out, then 

40 melted resin is injected from a molder (not shown), 
whereupon metted resin is supplied through sprue 12a 
to the resin passages 42A, 41 C, 41 B which are in com- 
munication with the branched resin passage 43. It is to 
be noted in this connection that glass fiber reinforced 

45 fiber-mixed nylon resin, for example, is used as material 
resin in the present embodiment. 
[0091 ] As a result, in molding cavities formed by com- 
binations of molding portions of the stationary die 1 and 
movable die 2 the following molded forms are produced. 

50 

Molding portion 40A (female)/molding portion 20A 
(female): finished part W 

Molding portion 40B (male)/molding portion 20B 
(female): lower half W L 
55 Molding portion 40C (female)/molding portion 20C 
(male): upper half W y 

[0092] It is noted in this connection that in the case of 
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first resin injection, molded halves (upper half Wy ad 
lower half WJ are not present in the molding cavity 
formed of the molding portion 40A (female) / molding 
portion 20A (female); therefore, melted resin injection is 
carried out after a dummy having same outer shape as 
one formed by abutting upper half Wy and lower half W L 
with each other is set in the cavity. 
[0093] The guide drive plate 37 is always so set as to 
engage the recess 34d of the slide guide 34 (the right- 
side slide guide in the example shown in FIGS. 1 to 4) 
which is engageable with the slide die 33 for finished 
part W. 

[0094] In this case, when halves Wy, W L are brought 
into abutment with each other, the primary resin pas- 
sage 41 A connected to the molding portion 40A is dis- 
connected from the interior passage W p . 
[0095] When the step of injection is completed, the 
movable die 2 is retreated from the stationary die 1 and 
die opening is carried out (see FIG. 2). 
[0096] At this point of time, ejector pin 27a on the sta- 
tionary die 1 side is pushed forward so that there is no 
possibility of the finished part W being left on the sta- 
tionary die 1 side. 

[0097] Next, the piston rod 39 is advanced so that the 
slide guide 34 engageable with the slide die 33 for fin- 
ished part W is moved forward (see FIG. 3); then, the 
core portion 33a of the slide die 33 for finished part W 
is removed from the outlet port Wo for finished part W. 
[0098] In this way, the core portion 33a of the slide die 
33 which slides in a direction different from (orthogonal 
to) the direction in which the molding die (movable die 
2) is opened and closed can be removed from the fin- 
ished part W. 

[0099] Then, the slide guide 34 is further advanced to 
thereby push up ejector plates 46a, 46b corresponding 
to projecting pins 37a so that ejector pins 47a, 47b and 
ejector ring 48 are actuated (for push-up movement). 
[0100] Thus, the core member 36a is removed from 
the inlet port Wi for finished part W and, at the same 
time, the finished part W is released from the movable 
die 2 so that it can be removed out of the die. 
[0101] In this way, with respect to two differently ori- 
ented tube end portions (inlet port Wi and outlet port 
Wo), core materials (core member 36a and slide die 
core portion 33a) can be removed without involving any 
inconvenience, and the finished part W can be thus re- 
moved. 

[01 02] Whilst, the lower half W L molded in the cavity 
formed by the molding portion 40B (male) and molding 
portion 20B (female) is left in the molding portion 20B of 
the stationary die 1 , and the upper half Wy molded in 
the cavity formed by the molding portion 40C (female) 
and molding portion 20C (male) are left in the molding 
portion 40C of the movable die 2. 
[0103] The rotor 13 of the stationary die 1 is rotated 
120 degrees in the direction shown by arrow in FIG. 6, 
and thereafter the movable die 2 is moved forward and 
is brought into abutment with the stationary die 1 . Then, 



die clamping is carried out. 

[0104] At this point of time, the guide drive plate 37 is 
caused to slide along guide rail 37a of the back plate 37, 
whereupon its engagement with the slide guide 34 at 

5 the right side in FIGS. 1 to 4 is released and, in turn, the 
guide drive guide engages the recess 34d of the slide 
guide 34 at the left side in the figures. 
[0105] Where the stationary die 11 in such rotational 
condition is put in combination with the movable die 2, 

10 combinations of molding portions of the two dies 1 , 2 
are as follows: 

Movable die 2, molding portion 40A (female)/sta- 
tionary die 1 , molding portion 20C (male) 
15 Movable die 2, molding portion 40B (male)/station- 
ary die 1 , molding portion 20A (female) 
Movable die 2, molding portion 40C (female)/sta- 
tionary die 1 , molding portion 20B (female) 

20 [0106] In this case, as already stated, lower half W L 
is left in the molding portion 20B of the stationary die 1 , 
and upper half Wy is left in the molding portion 40C of 
the movable die 2. Therefore, by rotating the rotor 13, 
the upper half Wy and lower half W L are brought into 

25 abutmentwith each otherin a cavity formed by themold- 
ing portion 40C (female) and molding portion 20B (fe- 
male). 

[0107] In this case, changeover slot 21 of rotor 13 of 
stationary die 1 is at a rotational position shown by 

30 dashed lines in FIG. 9. That is, changeover slot 21 C 
causes primary resin passage 41 A for molding portion 
40A of movable die 2 to communicate with branched 
resin passage 43, while a pair of changeover slots 21 B 
cause secondary resin passages 42C for molding por- 

35 tion 40C of movable die 2 to communicate with 
branched resin passage 43. Primary resin passage 41 B 
for molding portion 40B of movable die 2 is normally held 
in communication with the branched resin passage 43. 
[0108] At the rotational position in FIG. 9, on the side 

40 of the molding portion 40C at which the secondary resin 
passage 42C is in communication with the branched 
resin passage 43, each core portion 33a of the slide die 
33 is pushed out and inserted into the tube end portion 
of the molding portion 40C. 

45 [0109] In this condition, the movable die 2 is brought 
into abutmentwith the stationary die 1 (see FIGS. 1 and 
5), and die clamping is carried out, then melted resin is 
injected from a molder (not shown), whereupon melted 
resin is supplied through sprue 1 2a to the resin passag- 

50 es 41 A, 42C, 41 B which are in communication with the 
branched resin passages 41 A, 42C, 41 B. 
[0110] As a result, in molding cavities formed by com- 
binations of molding portions of the stationary die 1 and 
movable die 2 the following molded forms are produced. 

55 

Molding portion 40A (female)/molding portion 20C 
(male) : upper half Wy 

Molding portion 40B (male)/molding portion 20A 
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(female): lower half W L 

Molding portion 40C (female)/molding portion 20B 
(female): finished part W 

[0111] It is noted that in the molding portion 40B of 
the movable die 2, lower half W L is molded at all times, 
[0112] Subsequently, die opening is carried out and a 
finished component is removed. In this condition of rotor 
rotation, left-side slide guide 34 in FIGS. 1 to 4 is driven, 
and left-side two (46b, 46c) of the ejector plates 46a, 
46b, 46c are driven. 

[0113] In this case, lower half W L is left in the molding 
portion 20A of the stationary die 1 , and upper half W y 
is left in the molding portion 40A of the movable die 2. 
[0114] In this condition, the rotor 13 isrotated 120de- 
grees in reverse direction and die clamping is earned 
out, whereupon operation returns to the initial condition 
(see FIG 4). Similar steps are repeated to obtain one 
finished part W. 

[0115] That is, the rotor 13 of the stationary die 1 is 
rotated 120 degrees in forward and reverse directions 
each time. While repeating the foregoing steps, clamp- 
ing, injection, and die opening are carried out each time. 
I n this way, one finished component is obtained for each 
rotational movement of the rotor 13. 
[01 1 6] The foregoing embodiment relates to an intake 
manifold for internal combustion engines, but the 
present invention is not limited to use in such an appli- 
cation; it may be effectively applied to any other kind of 
synthetic resin tubular member. The above described 
embodiment concerns an intake manifold molded by the 
so-called DRI method, but the intake manifold of the in- 
vention is not limited to those manufactured by such a 
method. For example, the intake manifold may be one 
molded by other manufacturing method, such as DSI 
method, wherein separate halves are joined with a sec- 
ondary resin in the molding die. 
[0117] The present invention is not limited to the fore- 
going embodiment, and it is needless to say that various 
improvements and/or design changes are possible with- 
out departing from the scope of the invention. 
[0118] As above described, according to the first as- 
pect of the present invention, the method of manufac- 
turing a synthetic resin tubular member having different- 
ly oriented inlet tube portion and outlet tube portion com- 
prises using molding dies for die rotary injection molding 
(known as DRI) having a slide core adapted to be fitted 
to a tube end portion of one of the inlet and outlet tube 
portions which is slidable in a direction different from the 
direction in which die opening and closing is made, in 
manufacturing a synthetic resin tubular member having 
differently oriented inlet tube portion and outlet tube por- 
tion; and carrying out the steps of core insertion, die 
clamping, injection, die opening, core removal, ejection, 
and die rotation, whereby each time when one rotational 
movement of the molding die pair is made, a primary 
molding operation for molding separate halves and a 
secondary molding operation for joining a pair of sepa- 



rate halves are performed so that' a finished tubular 
member will be obtained for each rotational movement 
of the molding die pair Therefore, by employing the DRI 
method it is possible to mold, without involving any in- 
5 convenience, a tube end portion oriented differently 
from the direction in which die opening and closing is 
made. 

[01 1 9] That is, as compared with the prior art wherein 
adhesive bonding or heat melting is carried out for join- 

io ing separate halves, high bond strength of joined halves 
and good sealing characteristics of the butt-joined sur- 
face can be more stably secured; and by using the DRI 
method it is possible to achieve higher production effi- 
ciency and yet to easily manufacture a tubular member 

is having differently oriented inlet and outlet tube portions. 
[0120] According to the second aspect of the inven- 
tion, the apparatus for manufacturing a synthetic resin 
tubular member having differently oriented inlet tube 
portion and outlet tube portion comprises a pair of mold- 

20 ing dies, rotary means, a plurality of slide cores, a plu- 
rality of eject means, core drive means, eject drive 
means, and changeover means, whereby each time 
when one rotational movement of the molding dies is 
made, a primary molding portion for molding separate 

25 halves and a secondary molding portion for joining a pair 
of separate halves are formed so that the tubular mem- 
ber can be obtained in its finished state for each rota- 
tional movement of the molding dies. Therefore, by em- 
ploying the DRI method it is possible to mold, without 

30 involving any inconvenience, a tube end portion orient- 
ed differently from the direction in which die opening and 
closing is made. 

[01 21 ] That is, as compared with the prior art wherein 
adhesive bonding or heat melting is carried out for join- 
ts jng separate halves, high bond strength of joined halves 
and good sealing characteristics of the butt-joined sur- 
face can be more stably secured; and by using the DRI 
method it is possible to achieve higher production effi- 
ciency and yet to easily manufacture a tubular member 
40 having differently oriented inlet and outlet tube portions. 
[0122] According to the third aspect of the invention, 
the synthetic resin intake manifold is obtained by bring- 
ing a pair of separate halves into abutment with each 
other in a corresponding pair of molding dies, and filling 
45 a melted resin mass into an interior passage defined 
along a peripheral edge of the abutted portions to there- 
by join the halves. Therefore, as compared with the prior 
art wherein adhesive bonding or heat melting is carried 
out for joining separate halves, high bond strength of 
50 joined halves and good sealing characteristics of the 
butt-joined surface can be more stably secured. 
[0123] According to the fourth aspect of the invention, 
the synthetic intake manifold can in effect exhibit the 
same performance as that of the synthetic intake man- 
55 jfold according to the third aspect of the invention. In 
particular, since the separate halves are configured to 
be halves separated along a closed-loop parting line 
which extends so as to avoid the end surfaces of the 
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inlet and outlet tube portions, the interior passage to be 
filled with melted resin for joining purposes is configured 
to have a closed loop shape extending so as to avoid 
the end surfaces of the tubular member, it being thus 
possible to improve the roundness of the cylindrical tube s 
end portions. Accordingly, good sealing effect can be 
maintained when the manifold is fitted to any associated 
component. 

[0124] The synthetic resin intake manifold according 
to the fifth aspect of the invention can in effect exhibit 10 
the same performance as that of the synthetic intake 
manifold according to the third or fourth aspect of the 
invention. In particular, since the molding dies used in 
molding separate halves and bringing them into abut- 
ment with each other are dies for rotary injection molding 15 
(so-called DRI), manufacturing of such intake manifold 
can be carried out with higher production efficiency by 
employing the DRI method. 

[0125] Furthermore, in this case, the molding dies 
have a slide core adapted to be fitted to a tube end por- 20 
tion of one of the inlet and outlet tube portions which is 
slidable in a direction differentfrom the direction in which 
die opening and closing is made, it being thus possible 
to mold, without involving any inconvenience, a tube end 
portion oriented differently from the direction in which 25 
die opening and closing is made. 

INDUSTRIAL APPLICABILITY 

[0126] As described above, according to the inven- 30 
tion, for a synthetic resin tubular member having differ- 
ently oriented inlet tube portion and outlet tube portion, 
it is possible to easily mold a tube end portion oriented 
differently from the direction in which die opening and 
closing is made. Also, sufficient bond strength and seal- 35 
ing performance can be obtained with respectto the joint 
portion of joined halves. Therefore, the invention is ef- 
fectively applicable where, for example, mass produc- 
tion is undertaken of a tubular member, such as intake 
manifold, for supplying intake air to engine cylinders *o 
which is desired to be manufactured from synthetic resin 
in place of any conventional metal material for further 
weight reduction. 

45 

Claims 

1 . A method of manufacturing a synthetic resin tubular 
member having differently oriented inlet tube por- 
tion (Wi) and outlet tube portion (Wo) wherein sep- so 
arate halves of the tubular member (Wu, WL) are 
molded in a pair of molding dies (1 , 2), the molded 
separate halves in the molding dies being brought 
into abutment with each other, a melted resin mass 
being filled into an interior passage (Wp) defined ss 
along a peripheral edge of the abutted portions to 
thereby join the separate halves, the method com- 
prising: 



using a pair of molding dies for the rotary injec- 
tion molding adapted to be opened and closed 
relative to each other and rotatable in relation 
to each other over a predetermined angular 
range, the molding dies having at least one 
male molding portion (20C) and two female 
molding portions (20A.20B) in a repetitive se- 
quence of male/female/female in the direction 
of rotation for each rotational run over the pre- 
determined angular range, the molding dies fur- 
ther having a slide core (33) adapted to be fitted 
to a tube end portion of one of the inlet and out- 
let tube portions which is slidable in a direction 
different from the direction in which die opening 
and closing is made; and carrying out: 
the step of core insertion for inserting the slide 
core into a molding portion of the molding die 
pair which corresponds to the tube end portion 
of one of the inlet and outlet tube portions; 
the step of die clamping for closing and clamp- 
ing the molding die pair; 
the step of injection for injecting a melted resin 
mass into a molding cavity defined by closing 
the molding die pair; 

the step of die opening for opening the molding 
die pair; 

the step of core removal for removing the slide 
core from the tube end portion; 
the step of ejection for ejecting a molded tubu- 
lar member from the molding die pair; and 
the step of die rotation for rotating the dies over 
' a predetermined angle, 
whereby each time when one rotational move- 
ment of the molding die pair is made, a primary 
molding operation for molding separate halves 
through a combination of the male molding por- 
tion and one female molding portion, and a sec- 
ondary molding operation for joining a pair of 
separate halves through a combination of the 
female molding portions are performed so that 
a finished tubular member will be obtained for 
each rotational movement of the molding die. 

2. An apparatus for manufacturing a synthetic resin tu- 
bular member (W) having differently oriented inlet 
tube portion (Wi) and outlet tube portion (Wo), the 
apparatus comprising: 

a pair of molding dies (1,2) assembled together 
so as to be opened and closed relative to each 
other; 

rotary means (13g, 14, 15) for rotating at least 
one of the molding dies over a predetermined 
angle relative to the other molding die; 
a plurality of slide cores (33) to be fitted to the 
tube end of one of the inlet tube portion and out- 
let tube portion which are slidable in a direction 
different from the direction in which the molding 
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dies are opened and closed; 
a plurality of eject means (47a, 47b, 47c, 48a, 
48b) for ejecting a molded tubular memberf rom 
the molding dies; 

core drive means (39, 38, 37, 34) for driving one s 
of the slide cores in the different direction in re- 
. sponse to the opening and closing operation of 
the molding dies (1,2); 
eject drive means (39, 38, 37, 37a, 46a, 46b, 
46c) for driving one of the plurality of eject 10 
means in response to the opening and closing 
operation of the molding dies (1 , 2); and 
changeover means (49, 37, 34d) for switching 
over the connection of a molding die open/close 
mechanism with the core drive means and eject 15 
drive means and for switching over the slide 
core and eject means to be driven; 
the molding dies (1 , 2) each having at least one 
male molding portion and two female molding 
portions in a repetitive sequence of male / fe- 20 
male / female in the direction of rotation for 
each rotational run over the predetermined an- 
gular range, such that the molding dies form a 
primary molding portion for molding separate 
halves through a combination of the male mold- 25 
ing portion and one female molding portion and 
a secondary molding portion through a combi- 
nation of the female molding portions in each 
rotational position. 

30 

3. A synthetic resin manifold (W) having a plurality of 
outlet tube portions (Wo) branched from an inlet 
tube portion (Wi), with the outlet tube portions (Wo) 
differently oriented from the inlet tube portion (Wi), 
characterized in that the synthetic resin manifold 35 
(W) comprises: 

a pair of separate molded halves (W u , WJ 
joined by means of an injection-molded resin in 
an interior passage (Wp) defined along the 40 
abutting peripheral edge portions of the molded 
halves (W u , W L ) 

4. A synthetic resin intake manifold (W) as set forth in 
claim 3, wherein the separate halves (W u , WJ are 
configured to be halves separated along a closed- 
loop parting line (L) which extends so as to avoid 
the end surfaces of the inlet and outlet tube por- 
tions. 



PatentansprGche 

1. Verfahren zum Herstellen eines rohrenformigen 
Kunststoffelements mit einem unterschiedlich aus- 55 
gerichteten Einlassrohrenbereich (Wi) und Aus- 
lassrohrenbereich (Wo), wobei getrennte Halften 
des rohrenformigen Elements (W u , W L ) in einem 



Paar von Formwerkzeugen (1, 2) gegossen wer- 
den, die gegossenen getrennten Halften in den 
Formwerkzeugen in Beruhrung miteinander ge- 
bracht werden, eine geschmolzene Harzmasse in 
einen inneren Durchlass (W p ) eingefullt wird, der 
entlang eines Umfangsrands der StoBbereiche de- 
finiert wird, urn dadurch die getrennten Halften zu 
verbinden, wobei das Verfahren umfasst: 

Verwenden eines Paars von Formwerkzeugen 
fur das rotatorischeSpritzgieBen, die relativzu- 
einander geoffnet und geschlossen werden 
konnen und in bezug aufeinander uber einen 
vorbestimmten Winkelbereich drehbar sind, 
wobei die Formwerkzeuge mindestens einen 
Patrizenbereich (20C) und zwei Matrizenberei- 
che (20A, 20B) in einer sich wiederholenden 
Sequenz von Patrize/Matrize/Matrize in der 
Rotationsrichtung fur jeden rotatorischen Lauf 
uber den vorbestimmten Winkelbereich aufwei- 
sen, wobei die Formwerkzeuge weiter einen 
Verschiebekern (33) haben, der an einen Roh- 
renendbereich von entweder dem Einlass- 
oder dem Auslassrohrenbereich angepasst 
werden kann, der in einer Richtung verschieb- 
bar ist, die sich von der Richtung unterscheidet, 
in der das Offnen und SchlieBen durchgefuhrt 
wird; und Durchfuhren: 

den Schritt des Einsetzens des Kerns zum 
Einsetzen des Verschiebekerns in einen 
Gussbereich des Formwerkzeugpaars, 
der dem Rohrenendbereich des Einlasso- 
der Auslassrohrenbereichs entspricht; 

den Schritt des Formklemmens zum 
SchlieBen und Klemmen des Formwerk- 
zeugpaars; 

den Schritt des Einspritzens zum Einsprit- 
zen einer geschmolzenen Harzmasse in 
eine Gussvertiefung, die durch SchlieBen 
des Formwerkzeugpaars definiert wird; 

den Schritt es Formoffnens zum Offnen 
des Formwerkzeugpaars; 

den Schritt des Kern entfern ens zum Ent- 
fernen des Verschiebekerns aus dem Roh- 
renendbereich; 

den Schritt des Auswerfens zum Auswer- 
fen eines gegossenen rohrenformigen Ele- 
ments aus dem Formwerkzeugpaar; und 

den Schritt der Formrotation zum Drehen 
der Formen uber einen vorbestimmten 
Winkel, 
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wobei jedes Mai, wenn eine rotatorische Bewegung 
des Formwerkzeugspaars durchgefuhrt wird, ein 
PrimargieBen zum GieBen von getrennten Halften 
durch eine Kombination des Patrizenbereichs und 
eines Matrizenbereichs und ein SekundargieBen 5 
zum Verbinden eines Paars von getrennten Halften 
durch eine Kombination der Matrizenbereiche 
durchgefuhrt werden, so dass ein fertiges rohren- 
formiges Element bei jeder Rotationsbewegung 
des Formwerkzeugs erhalten wird. 10 

2. Vorrichtung zum Herstellen eines rohrenformigen 
Kunststoffelements (W) mit einem unterschiedlich 
ausgerichteten Einlassrohrenbereich (Wi) und Aus- 
lassrohrenbereich (Wo), wobei die Vorrichtung urn- 15 
fasst: 

ein Paar von Formwerkzeugen (1,2), dieso zu- 
sammengefugt sind, dass sie relativ zueinan- 
der geoffnet und geschlossen werden konnen; 20 

eine Rotationseinrichtung (13g, 14, 15) zum 
Drehen von mindestens einem der Formwerk- 
zeuge uber einen vorbestimmten Winkel relativ 
zu dem anderen Formwerkzeug; 25 

mehrere Verschiebekerne (33), die an den 
Rohrenendbereich von dem Einlassrohrenbe- 
reich oder dem Auslassrohrenbereich ange- 
passt werden sollen, die in einer Richtung ver- 30 
schiebbar sind, die sich von der Richtung un- 
terscheidet, in der die Formwerkzeuge geoffnet 
und geschlossen werden; 

mehrere Auswurfeinrichtungen (47a, 47b, 47c, 35 
48a, 48b) zum Auswerfen eines gegossenen 
rohrenformigen Elements aus den Formwerk- 
zeugen; 

eine Kernantriebseinrichtung (39, 38, 37, 34) *o 
zum Antreiben von einem der Verschiebekerne 
in der unterschiedlichen Richtung als Antwort 
auf das Offnen und SchlieBen der Formwerk- 
zeuge (1,2); 

45 

eine Auswurfantriebseinrichtung (39, 38, 37, 
37a, 46a, 46b, 46c) zum Antreiben von einem 
der mehreren Auswurfeinrichtungen als Ant- 
wort auf das Offnen und SchlieBen der Form- 
werkzeuge (1 , 2); und 50 

eineSchalteinrichtung (49, 37, 34d) zum Schal- 
ten der Verbindung des Formwerkzeug-6ff- 
nungs/SchlieBmechanismus mit der Kernan- 
triebseinrichtung und der Auswurfantriebsein- 55 
richtung und zum Schalten des Verschiebe- 
kerns und der anzutreibenden Auswurfeinrich- 
tung; 
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wobei die Formwerkzeuge (1 , 2) jeweils mindestens 
einen Patrlzenbereich und zwei Matrizenbereiche 
in einer sich wiederholenden Sequenz von Patrize/ 
Matrize/Matrize in der Richtung der Rotation fur je- 
den rotatorischen Lauf uber den vorbestimmten 
Winkelbereich aufweisen, so dass die Formwerk- 
zeuge einen Primargussbereich zum GieBen ge- 
trennter Halften durch eine Kombination des Patri- 
zenbereichs und eines Matrizenbereichs und einen 
Sekundargussbereich durch eine Kombination der 
Matrizenbereiche in jeder Rotationsposition bilden. 

3. Kunststoffverteiler (W) mit mehreren Auslassroh- 
renbereichen (Wo), die von einem Einlassrohren- 
bereich (Wi) verzweigen, wobei die Auslassrohren- 
bereiche (Wo) anders ausgerichtet als der Einlass- 
rohrenbereich (Wi) sind, dadurch gekennzeich- 
net, dass der Kunststoffverteiler (W) umfasst: 

ein Paar von getrennt gegossenen Halften (W^ 
W L ), die durch ein Spritzgussharz in einem in- 
neren Durchlass (W p ) verbunden werden, der 
entlang der aneinanderstoBenden Umfangs- 
randbereiche der gegossenen Halften (W u , 
W L ) definiert wird. 

4. Kunststoffeinlassverteiler (W) nach Anspruch 3, 
wobei die getrennten Halften (W u , W L ) so konfigu- 
riert sind, dass sie Halften sind, die entlang einer 
Trennlinie (L) in Form einer geschlossenen Schleife 
getrennt sind, die sich so erstreckt, dass die End- 
flachen der Einlass- und Auslassrohrenbereiche 
vermieden werden. 



Revendications 

1 . Precede de fabrication d'un organe tubulaire en re- 
sine synthetique ayant une portion detube d'entree 
(Wi) et une portion detube de sortie (Wo) orientees 
differemment, dans lequel des moities separees de 
I'organe tubulaire (Wy, W L ) sont moulees dans une 
paire de matrices de moulage (1, 2), les moities 
moulees separees dans les matrices de moulage 
etant amenees en butee Tune contre I'autre, une 
masse de resine fondue etant bourr6e dans un pas- 
sage interieur (W p ) defini le long d'un bord periphe- 
rique des parties en aboutement pour ainsi assem- 
bler les moities separees, le procede comprenant: 

{'utilisation d'une paire de matrices de moulage 
pour le moulage rotatif par injection, adaptees 
pour etre ouvertes et refermees Tune par rap- 
port k I'autre, et pouvant tourner Tune par rap- 
port k I'autre dans une plage angulaire pred§- 
terminee, les matrices de moulage ayant au 
moins une partie de moulage m£le (20C) et 
deux parties de moulage femelles (20A, 20B) 
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dans une sequence de repetition male/femelle 
/femelle dans la direction de rotation pour cha- 
que parcours de rotation sur la plage angulaire 
prediterminee, les matrices de moulage ayant 
en outre un noyau coulissant (33) adapts pour 5 
etre ajuste sur une extremite de tube de Tune 
des portions de tubes d'entrie et de sortie, qui 
peut coulisser dans une direction diffirente de 
la direction dans laquelle se font I'ouverture et 
ia fermeture des matrices; et la mise en oeuvre 10 
de: 

l'6tape d'insertion du noyau pour inserer le 
noyau coulissant dans une partie de mou- 
lage de la paire de matrices de moulage ^ 
qui correspond a la portion d'extrimiti du 
tube de Tune des portions de tube d'entree 
et de sortie; 

I'&ape de serrage des matrices pour ter- 
mer et serrer la paire de matrices de mou- 20 
lage; 

I'etape d'injection pour injecter une masse 
de risine fondue dans une cavite de mou- 
lage definie en fermant la paire de matrices 
de moulage; 25 
I'etape d'ouverture des matrices pour 
ouvrir la paire de matrices de moulage; 
l'6tape de retrait du noyau pour retirer le 
noyau coulissant de la portion d'extremite 
du tube; 30 
I'etape Rejection pourejecterun organe tu- 
bulaire moule de la paire de matrices de 
moulage, et 

I'etape de rotation des matrices pour faire 
toumer les matrices d'un angle predetermi- 35 
n6, 

par lequel chaque fois qu'un mouvement de ro- 
tation de la paire de matrices de moulage est 
effectue, une operation de moulage primaire *o 
pour mouler des moities separees par une 
combinaison de la partie de moulage m&le et 
une partie de moulage femelle, et une opera- 
tion de moulage secondaire pour assembler 
une paire de moities separees par une combi- 45 
naison des parties de moulage femelles, sont 
effectuies de sorte qu'un organe tubulaire fini 
sera obtenu pour chaque mouvement de rota- 
tion de la matrice de moulage. 

50 

Appareil de fabrication d'un organe tubulaire en r6- 
sine synthitique (W) ayant une portion de tube 
d'entrie (Wi) et une portion de tube de sortie (Wo) 
orientees differemment, I'appareil comprenant: 

55 

une paire de matrices de moulage (1 , 2) assem- 
blies entre elles de manfere k pouvoir s'ouvrir 
et se fermer I'une par rapport k i'autre; 



des moyens de rotation (13g, 14, 15) pour faire 
tourner au moins I'une des matrices de moula- 
ge d'un angle predetermine par rapport a I'autre 
matrice de moulage; 

plusieurs noyaux coulissants (33) pouvant etre 
fixes k Cextrimite du tube de I'une parmi la por- 
tion de tube d'entree et la portion de tube de 
sortie qui coulissent dans une direction diffe- 
rente de la direction dans laquelle les matrices 
de moulage sont ouvertes et fermies; 
plusieurs moyens d'ejection (47a, 47b, 47c, 
48a, 48b) pour ijecter un organe tubulaire 
moul& des matrices de moulage; 
des moyens d'entrainement des noyaux (39, 
38, 37, 34) pour entrainer I'un des noyaux cou- 
lissants dans la direction differente en reponse 
a I'operation d'ouverture et de fermeture des 
matrices de moulage (1 , 2); 
des moyens d'entrainement de Injection (39, 
38, 37, 37a, 46a, 46b, 46c) pour entrainer I'un 
parmi plusieurs moyens d'ejection suite a I'ope- 
ration d'ouverture et de fermeture des matrices 
de moulage (1,2) et; 

des moyens de permutation (49, 37, 34d) pour 
commuter la connexion d'un mecanisme 
d'ouverture /fermeture des matrices de moula- 
ge avec le moyen d'entrainement du noyau et 
le moyen d'entrainement de ('ejection, et pour 
permuter I'entramement entre le noyau coulis- 
sant et les moyens d'ejection; 
les matrices de moulage (1 , 2) ayant chacune 
au moins une partie de moulage male et deux 
parties de moulage femelles dans une sequen- 
ce de repetition male /femelle /femelle dans la 
direction de rotation pour chaque parcours de 
rotation sur la plage angulaire pred6termin6e, 
de sorte que les matrices de moulage forment 
une partie de moulage primaire pour mouler 
des moities separees par une combinaison de 
la partie de moulage male et d'une partie de 
moulage femelle, et une partie de moulage se- 
condaire par une combinaison des parties de 
moulage femelles dans chaque position de ro- 
tation. 

3. Distributeur (W) en risine synth6tique ayant plu- 
sieurs portions de tubes de sortie (W 0 ) raccordies 
sur une portion de tube d'entree (W,), les portions 
de tubes de sortie (W 0 ) etant orienties differem- 
ment de la portion de tube d'entrie (Wj), caracteri- 
se en ce que le distributeur en resine synthetique 
(W) comprend: 

une paire de moities (Wy, W L ) moulies s6pa- 
rement, assemblies au moyen d'une resine 
moulie par injection dans un passage interieur 
(W p ) difini le long des parties de bords periphi- 
riques en aboutement des moittes moulies 
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(W Ut W L ). 

Distributee d'admission (W) en resine synthetique 
seion la revendication 3, dans lequel ies moities s6- 
parees (\N Ut W L ) sont configurees pour etre des 
moities separees le long d'une ligne de partage (L) 
en boucle fermee qui se prolonge de maniere a 6vi- 
ter Ies surfaces d'extr6mit6s des portions de tubes 
d'entr6e et de sortie. 
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Fig. 5 
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Fig. 15 
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